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SELENTUM RERCTIFIERS

V.G. Komar, Capd Tech Sci
Moscuw Power Eng Ingt imeni Molotov.

Belanium rectifiers are used. videly in plente, power stations, radic stu-
tions, railroads, alrplanes, ships anmdl in meny other special installations. In
the USSR, industrial seleniim ~ectifiers were first developed by I. Eristor in
1937. Selenium rectifiers were stulied at the Leningrad Physicotechnical

. Institute, Acalemy of Sciences TSSR, by A.Z. lLevinzon ani in the Scientific Re-
gearch Inatitute of Cinematography (NIKFI)?Y aslenium rectifiers studied also by
the author togsther with N. Penin amd I. Sazhin and by S.B. Tuditekdy in the All-
Union Elsctriocsl Enginsering Institute. Selenium Trectifiers are mass-produced

in plants of the electrical inmustxy,

The present-day theory of the rectifying action of seleniux rectifiers
vas dsveloped by B. Davylov in 1938 apd later by W. Schottky. The thecry wvas
improved by A.F. Iof” ., who suggested that the incresseld resistance of the boun-
dary layer in a gelonium rectifier in the absence of current vas mainly dus, not
to the contast potemtial differance, dut tc the transition of the boundary layer's
conductivity from hole to elsctron. Ioffe 's research on the electrodonductivity
of semiconluctors in strong electric fields vas used to explain the brealdew
JEOcess in selenium rectifiers. The theory of the redtifying action, however, s
not yet complete; 1t does not explain such important processss as aging amd
electroforming.

The author has advanced a theory comcerning the lonje maturs of thess mro-
cesses. Aging (a slow irreversible incresse in the rectifier's direct resistance)
is explained by diffusion amd variation in lon concentration of impurities or

defects of the lattice; theas factors decrease the concentration of holes and
reduce the electroconluctivity of the semicomductor. Bloctroforming (a alow in-
crease in the rectifier's blockizng resistence unlex high inverse currents) is
explained by ion conductivity, namely, a displacement c¢f ions of an impurity in
the semiconluctor, which decreases the concentration of holes ir the boundary
layer of the semiconductor. .
. The technolegy of producing selenium rectifiers is reduced to thrae basic
problems: 1) decreasing the direct resistance; 2) inersasing the dlocking
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rouiswsancs; snd 3) obtaining a durabls rectifter.. The resistance of the seleniwm o !
layer can bo decreased by the following msthoda: L) reducing the thickness of
the selenium layer; 2) removing ‘mstallic impurities from the selenium to increace '_ ;
Al “eo . 1t8 electroconductivity; 3) edding helegen sdmixturss to the selenium to incresse -
IR i 1%s electroconductivity; eamd 4) heat-iresting the selenium layer to increase its
Wl T &lectroconductivity.  The high resistence of the boundsry layer betwesn melsnium
and the contact olectrode wes ractically eliminated by nickel-plating the steel .
R or aluinum digks for the contact electrodes. The resistance of the boundary
S layor betwsen solenium and the cathode was made & minimm only in the inactive
K ’ part whers practically no space charge sxiste frw inverse currents. The rasis--
tance of the active part of the sslsnium boundary laysr (the blocking layee) is
mads en optimun to obtain, on the one dend, and small direct rssistence &d, on Y
the other, a high blocking resigtance. The resistance of the solenium boundary ' . P
laysr i mads an optimum by the following methods: 1) selsction of the matapial - .. o
for the cathods (uss of caimium alloys); 2) heat treatment to ramove halogoms . s N
from the surface of the selenium layer; and 3) deposition of various subatances’ i k
on the selenium surface (treating the selsniuw swrface in sulfur vapors). B
Selenium is the bagic material for the production of rectifiers. Ths tach-:
nology of factory purification of selenium for rectifiers vas perfacted in she .
USSR by B. Levi (NIUIF, Scisn%ific Research Instisute of Fertilizers and Inmecto-:
fungicides). Important rsfinements in the technology wers devised later by S.
Golyansd (NIOGAZ). The author, together vith K. Astakhov, B. Iavi, and N. Penin," i . :
studied the influence of impurities in welsnium upon the properties of selenmium - i . s
rectifiers. : ‘ v §
‘ The influence of about 20 different elsments was stulied. - It was eatab-
lished thet the majority of impurities in quantities of 0.1 percent or more
act unfavoradly upon the rectifier's characteristics, namely, increasing the
direct resistance, decreasing the block 3 resistance and intensifying aging.
The harmful impurities include: zinc, cedmium, mercury, tin, lead, arsenic,
nickel, iron, sulfuwr, tellurium, amd oxygen. Copper, silver, and antimony im-
purities were ospecially harmful, increesing the direct resistance anl intensi-
fying aging even in quantities of 0.001 percent. The beneficial effect of ex-
tromely smell quantities of ~hlorine, btromine, and icdire (thoussmdths of a
percent) in reducing the direct resistance was alsoc satablished. At the same
tims, 1t was determined that too lerge e halogen content not only decreeses the
blocking resistance, but elso lowers the breakdown voltage.
The selenium used in the USSR for rectifiers contains thousandths of a per-
cont of chlorine and hes no copper, allver, or sntimony in it; thy totel of other
metallic impurities does not exceed 0.01 vercent (nonvolatile residue).
The contact elsctrode of a selsnium rectifier is produced from sheeta of
steel or eluminum from 0.8 to 1.5 millimeters thick. These sheets are out ani
stamped 80 that the surface of the disk is perfectly flat in order that a thin .
uniform selenium layer may be deposited.
The seniblesting which follows guarantees good mechanical contact and the
proyer elsctrical contact of the selenium with the metallic elactyods. The
disks are then nickel-plated (1 or 2 microns thick), which snsures lov direct
resistance of the nswly yroduced rectifiers and afforda protection asgainat aging.
The technological process £or thin nickel-plating of atesl ard aluminum disks
for contact elactrodes wes developsd by the author together with A. Gopius.
Fusion 18 used tc deposit the selenium on the contact elsctrode: the
contact electrode is heated to aprroximately 250 degrees centigrade and the
selenium is fuged on; the rapidly cooled disks with the fused vitreous selenium
are then pressed to obtain & thin uniform selenium layer. The disks are pressed
while the selenium is hested to 110-120 degrees centigrade at a preasure of
several tens of kilograms per square centimster. The selenium is held unler
pressure until the surface section of the layer crys*allizes. The selenium is
0.07 to 0.1 millimeters thick after rressing. Spec.al presses, which snsure con-
stant uniform pressure, are used in this yrocess. The selenium ia protected from
contamination by special chrome-plated matrices.
The selenium layer is heat-treated in finnaces at a temperature of aroumd
215 degrees centigrade. The selenium swrface is left uncovered during this prce-
8sg. Chlorine is partially volatilized from the upper pert of the selenium
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layer, thus ‘ncreesing the blocking resistance of the reciifier. The electyro-. o PR R ;
conductivity of selenium in the layer 1s conmiderably incressed becauss of The iR SR
incresse 1n the number of defects of the crystal-lattice in cornection with A e
the Tact that the temperature during hest-tisa%ing is close to the tempsrature TR
of Pusion (217 degrees centigrade) for sslanium. Uping X-ray apalysis, G. Zhisnov " L
awl Yu. Sharvin showed thet the paradeters of *he selsuiun lattice do not change cay
more in heat-treatment than in aging of the rectiriers. Special furnsces with :
accurats antomatic temperature regulation are uael for hsat-treatment.
Sulfur is deposited on the sslenium surface efter heat-treatment. The TN
disks ere held in suifwr vapors at a temperature of ebout 150 degress centigrade .\ ... ., '
: R A TN for asveral tens of minutes. The sulfur dissolves into ths surface of the e
4 B T K selenium layer snd thus increases 1ts rosistauce. LT
B W A metal spray gun using compressed air, which shoots the fused metal on " . .
the selenium, is used for covering the rectifier dlsks with the cathode. Alloys .
; . of tochnically pure motals, cadmium, tin, end blamuth, are used for metal- o
D : plating. The euthcr's remearch, conducted Jjointly with A. Shpagin and N. Penin, .
R ghowed that the cathods material strongly influences the direct and dblocking Lo
resistances of the rsctifier, as weil as aging end elsctroforming. Chenging the
cedmium sontent fram 10 to 100 percent (tin and biamuth the rest) has practisally
no influence upon the rectifier's characteristics. The use of metels (megnesium, = °
calciim) chemically active with respect to selsniwn causes exceadingly high
direct resistanco and rapid aging of the rectifiers. Selenium rectifiers with
»inc cathodes are very close in thelr cheractexristica to rectifiers with cedmiwm &
cathodos. . ‘ . e
Rectifiers with thallium cuthodes have the grestest increase in blocking
resistance during electroforming. These rectiflers also have the highest ratio
of dlocking to direct voltage and thus are mogt efficient. However, rectifiers
with thallium catholes or with cathodes having slight thallium irowrity age more
rapidly than the usuel rectifiera.
Electroforming et the plants producing selenium rectifiers is carried out
after metal plating by passing e high inverse current through the rectifiers
(current density of severasl tens of milliamperes per square centimeter) for &
length of time from several tens of minutes to several hours. The rectifier's
rating as to blocking voltage 1s increased 1.5 to 2 times in this process.
Special panels which automatically maintain the current within the necessexry
1imits are used for electroforming. In order to limit the direct current and
avoid excens heating, the rectiflers are placed in opposition and connected to
the alternating-current circuvit through an effective resistance. The great
influence of the cathode materisl, magnitude, current, and temperature in the
elactroforming process indicates the importsnt role of the lons of the cathode
metal in this wrocess. Under the action of the strong electric field, they pene-
trate into the barrier laysr ani change ita electroconductivity.
After moliing, the rectifiers are tested. 4ll nevly produced rectifiers
are tested for electrical strength and rated with respect to direct and dblocking
voltages. In the USSR, selenium rectifiers ere rated on direct current with a
direct-cuwrrent density of 50 millimmperss per squure centimeter (ox 40 micro-
auperes per squarse centimeter) and inverse current demsity of 4 milliarperes
per square centimeter (or 2 microamperes per square contimeter). A teat voltage
of 50 volts ia used. -
In a hrief discussion of the vectm method of producing selenivm recti-
fiers, 1t 1. stated that work js dbeing jons on this method in the USSR, but
that, the equipment outlay required for the method is enormous and that further
improvement of the method 1s necessary.
The NIKFI has proposed a newv set of selenium rectifiers of diameters of
5, 10, 20, 30, 50, 80, and 130 millimeters. This set is distinguished by the
small number of different sizes. Moreover, parallel comnection of two recti-
fiers will not replace a rectifier of larger diameter.
Selonitm rectifiers are widely used for the following- purposes:
1. Charging Batteries -- Selenium ractifiers are used in gerages, emd air-
ports to charge starter batteries for automobiles, aircreft, and other machines
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using Intexmal-combustion engines. BT E R i BRER
2. Supplying Electrolyeis Baths -- Galvanic selenium rectifiers are rated.
for currente from tens to thousamis of amperes at voltagss of the ordsy of 10
volts. Selsnium rectifiers have beern developad for cwrrents up to 1,000 amperes .
in the USHR. Westinghouse of England developad 15,000-ampere rectifisys in 1945,
The current is regulated in many designs by changing the numbsr of turns or. the
tranaformer winding.  Rectifiers immersed in oil may be operated for rrolongsd L
pariods vhen installed directly near the bath. Selenium rectiflers ers used in-. . .
slsctrolysis shops for plating copper, zinc, cedmium, chroms, nioksl, ete, Se- . -
leniven rectifiers have besn desigred in the NIKFI to supply baths for silver |
ragensration in cine-c¢opying processes. ST
3. Supply for Electric Arcs -- Several types of sslenium rectifiers have ' L
been designed in the USSR %o supply electric arce with currents from 3 to S0 SN
ampsres at voltages from 20 to 60 volts. A selenlum ractifier was designed with - :
economical ferrovesonance stabilization of the current for en arc projector of . -
2-2.5 kilowatta' power. A regulated selonium rectifier bam slso been deaigned it
to supply the electric arc used in spectral anslysis. )
4. Excitation of Electric Generetors -- S. Yuditekly devised a system of G
oxcitation and compounding of synchronous gensratore by means of selenivm weoti~ ..
fiors without using rotating exciters. .
5. Supply of Rader Ipstalletions emd Redio Communication Equipment --
Deapite the low officiency of selenium pectifiers, they ere often used insteed
of lonic devices because of their prolonged and continuous opsration amd high
mechanical strength. ) )
6. Meesuring Instruments -- Special measuring selenium rectifiers have
been designed (NIKFI) with increased stability of resistence and decreased
capacitance for operation at 10 kilocycles.
T. - Supplying Electromagnets of Various Units -- Selenium rectifiers are
used to supply the electromegnetic plates of grinding machines. They are also
used to supply driving electromagnets, for sxampls, oil switches.
A low-pover direct-current generator has been designed with permansnt
magnets and selenium rectifiers in the main circuit. Despite a cextain loss of
efficiency, the new system in more ro.lia'blo and does not require much mainte-
nance.
8. Current and Voltage Stabilizers and Regulators -- The author designsd
an economical static voltage regulator using selenium rectifiers and magnet-
ically saturated coils.
9. Maguetic Amplifiers -- Seienium rectifiers have recently been used
in magnetic amplifiers of various eutomatic regulation equipment.
10. Grid Control of Ionic Rectifiers -- Selenium rectifiers are used ¢o
obtain the negative bias voltage on the grids of thyratrons or controlled
mercury rectifiers. I.L. Kaganov designed static magnetically saturated regu-
lators for grid control of power rectifier and inverter unita.
Selenium rectif iers axe also used for signaling anl automatic dblocking
on railroeds, supplying telephons and telegraph commmication lines and series
connection of rectifiers in the line to double their carrying capacity, supplying
equipment used in testing cable insulation, supplying X-ray equipment, detection
in high-frequency clvcuits, elsctwostatic gss purification, cathodic corre=zion
mrotection, telecontrol, arc quenching in direct-current circuits etc.
In conclusion, 1t im specified that the production of selenium rectifiers
must be expenled, and that nex typss must be developed.
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